The toucan (toc) gene is required in the germline for somatic cell patterning during Drosophila oogenesis. To better understand the function of toc, we performed a detailed analysis of the distribution of the Toucan protein during oogenesis. Toc expression is restricted to the germline cells and shows a dynamic distribution pattern throughout follicle development. Mislocalization of the Toc protein in mutant follicles in which the microtubule network is altered indicates that microtubules play a role in Toc localization during oogenesis. q
Results
The toucan (toc) gene is involved in several intersignaling events between the germline and the somatic cells during the development of the follicles throughout oogenesis in Drosophila (Grammont et al., 1997) . Loss-of-function toc mutations in the germline result in the formation of compound follicles, stalkless follicles, a delay or an absence of migration of the follicle cells toward the oocyte at stage 8 and an abnormal eggshell patterning. Consistent with its germline requirement, the toc RNA is expressed in the germline cells in a very dynamic pattern throughout oogenesis. From sequence analysis, toc is predicted to encode a 235 kDa protein with a coiled coil region in the C-terminal portion (Fig. 1A) . To elucidate the role of the Toc protein, antibodies were produced against the N-terminal portion of Toc and used to monitor its expression during oogenesis.
Antibodies against a GST-Toc fusion protein recognize a 235 kDa protein present in ovarian extracts
Polyclonal antisera were collected from rabbits immunized with a fusion protein containing 193 amino acid residues (757±949) from the Toc protein (Fig. 1A) fused to glutathione-S-transferase. In extracts from wild-type ovaries, this antiserum recognizes a prominent band at M r 235 000 (Fig. 1B) which corresponds to the size predicted from the toc cDNA sequence (Grammont et al., 1997) . The level of this protein is reduced in the ovaries of¯ies heterozygous for a strong toc mutation (toc PR3 ) and is not detectable in toc PR3 homozygous (Fig. 1B) con®rming the speci®city of this antibody for the Toc protein.
Subcellular localization of the Toc protein during oogenesis
Whole mount ovaries stained with anti-Toc antiserum revealed that the expression and the localization of Toc are dynamic. Toc is initially distributed evenly in all the germline nuclei of the 16-cell cysts in regions 2a and 2b of the germarium ( Fig. 2A) . A weak labeling is observed in the germline nuclei of stage 1 and 2 follicles ( Fig. 2A) . The protein is associated with the oocyte nucleus in stages 3 to 5 follicles (Fig. 2B ). At stage 6, the staining becomes located at the posterior cortex of the oocyte (Fig. 2C) . Then, Toc shifts to the anterior cortex and accumulates as a ring around the entire anterior margin of the oocyte (Fig. 2D ). At stages 7 ( Fig. 2C ) and 8 ( Fig. 2D ), Toc is exclusively found at the anterior margin of the oocyte. In a late stage 9 follicle ( (Fig. 2G,H) . From stage 3 to the end of oogenesis, no staining is detected in the nurse cells. No expression is detected in somatic cells at any stage of oogenesis. The Toc expression pattern is consistent with the toc mRNA expression pattern, con®rming that toc expression is restricted to the germline cells where its function is required (Grammont et al., 1997) .
1.3. The Toucan protein subcellular localization in the oocyte is microtubule dependent As described above, Toc is cytoplasmically localized at stages 6 to the posterior cortex of the oocyte before switching to the anterior margin during stages 7 and 8. This is also when the polarity of the microtubule cytoskeleton changes (Theurkauf et al., 1992) , indicating that the localization of the Toc protein during mid-oogenesis depends on the polarity of the microtubule networks in the oocyte. To test this hypothesis, we determined the localization of the Toc protein in cni, Egfr and grk mutant follicles. In such mutant follicles, at stage 9 the oocyte contains two microtubule networks, in the opposite orientation relative to each other, with the minus ends at the two poles and the plus ends directed toward the center (Gonzalez-Reyes et al. 1995; Roth et al., 1995) . In cni, grk or Egfr mutant stage 10 follicles, Toc is present in a large band at the posterior end of the ooplasm (Fig. 3A,D) indicating that it remains localized with the minus ends of the microtubules, which emanate from the posterior MTOC. In older (stage 10B) Egfr or cni (Fig. 3B,D) mutant follicles, an accumulation of the Toc protein is also detected at the anterior margin of the oocyte with the minus end of microtubules due to the activity of the anterior MTOC. But, in contrast to the pattern in wild type follicles, this anterior accumulation is weak, the main part of the protein remaining at the posterior end of the oocyte. From these results, we conclude that during midoogenesis the cytoplasmic localization of the Toc protein depends on the orientation of the microtubule network and that Toc colocalizes with the minus end of the microtubules. In cni and top mutant follicles, the anterior migration of the oocyte nucleus does not occur in every follicle. However, Toc is always associated with the nucleus in late follicles (Fig. 3B,E) whatever its position in the oocyte, indicating that the nuclear localization of the Toc protein does not require an intact microtubule cytoskeleton in the follicle.
Experimental procedures

Drosophila stocks
Fly culture and crosses were performed according to standard procedures. The following¯y strains were used: Canton S, toc PR3 (Grammont et al., 1997 ) Df(2L)H60-3(23B; 23E1-2), cni A55R /CyO, grk DC / CyO, grk 2B6 / CyO, top 1 /CyO and top CJ / CyO (Roth et al., 1995) .
Antibody production
A fragment of 800 bp of the toc cDNA was ampli®ed by PCR and cloned in pGEX-4T-2 (Pharmacia). Expression of this construct in BL21 bacteria gives rise to a 65 kDa fusion protein that was puri®ed by absorption to glutathionecoupled agarose beads.
Protein electrophoresis and immunoblotting
Ovaries from 3±4-day-old females were dissected in ice cold 1£ PBS and brie¯y sonicated in a dissociating medium (125 mM Tris±HCl (pH 6.8), 8 M urea, 4% SDS, 10 mM DTT, 1 mM PMSF). Extracts were boiled 5 min, spun at 20 000 £ g for 3 min. The supernatants were electrophoresed on a 6% polyacrylamide gel and transferred to nitrocellulose membranes (Bolt and Mahoney, 1997) .
Whole mount antibody staining
The antibody staining procedure of adult ovaries was performed as described by Sahut et al. (1995) . The primary antibody was used at a ®nal dilution of 1:1000. anterior±posterior and dorsal±ventral pattern formation in Drosophila. Cell 81, 967±978. Sahut-Barnola, I., Godt, D., Laski, F.A., Couderc, J.L., 1995. Drosophila ovary morphogenesis: analysis of terminal ®lament formation and identi®cation of a gene required for this process. Dev. Biol. 170, 127±135.
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